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P.O. Box 599
AR 72467
University,
State
Abstract

Floodplain deposition has been a critical part in the evolution of Arkansas' Delta ecoregion, and because of its high
potential for such events, this region is highly enriched and extremely fertile. Historically, water quality in the area has
been the subject of scientific study, and as a result little has been published on the effects of underlying sediment with
associated benthic communities. Sediment analysis is critical to many of the ongoing aquatic studies because of its significance as both a habitat for benthic organisms and a sink for contaminants. Seven rivers and one creek within the Delta
ecoregion were examined for water chemistry, sediment characterization, and sediment toxicity to determine survival and
growth of Chironomus tentans. Greatest midge growth occurred in sediment collected from Black River site A; additionally,
those sediments were high in silt content (>80%) and supported high midge survival. The results of combined characterization and biological test methods indicated that the Black River (site A) was the sediment that met criteria set by the
researchers and was suitable to use as a reference control sediment for future Delta toxicity testing.

Introduction
of aquatic environments, greater
placed
on water quality testing rather
emphasis has been
than on examination of the underlying sediment. Under
the Clean Water Act of 1972, the United States
Environmental Protection Agency (US EPA) delegated
the responsibility to protect the nation's waters for safe
drinking and use; however, early criteria for safety were
based solely on water quality and ignored the potential
buildup of contaminants in associated sediment (US EPA,
1993). And not until the United States Army Corps of
Engineers began to evaluate the results of dredging activities in the 1970s, did sediment toxicology become an
established field (Burton, 1991). Concerns over dredged,
contaminated sediments and their potential impact upon
water quality and biota included this component as a critical and integral part of the aquatic habitat assessment.
Sediment toxicity testing began in 1977 using two benthic
insects, Hexagenia limbata and Chironomus tentans (Burton
et al., 1992). However, these tests were limited in evaluating acute endpoint responses. A series of technical workshops was offered by the US EPA during 1984, and this
marked the first year of organized efforts to address sediment pollution issues (Adams et al., 1992). Since that
time, standard guidelines for C. lentous acute, whole-sediment tests were proposed, approved and used by 1990;
currently the US EPA is developing chronic test methods
using both C. teutons and Hyalclla azteca to determine sediment effects upon both larval and emergent stages of the
midge and reproduction in the amphipod.

In the assesment

Historically, chemical-specific approaches have been

implemented to determine the assimilative capacities of
watersheds throughout the country. States are now looking at more realistic, whole-effluent approaches to assess
potential toxicity to aquatic biota including associated
sediment effects.

While early emphasis was placed on water contamination within the ecosystem, more recent studies have
focused on contamination of sediments (Pavlou, 1987;
Fava et al., 1987; DeWitt et al., 1989). Whole-sediment
testing is now being used because of its realism, the ability to determine dose response curves, and its holistic
approach to testing (Burton et al., 1992). Many of the
tests involving sediment evaluations have directly influenced the design of experiments used to assess contamination of whole aquatic ecosystems. To date, baseline
data on contaminated sediments and their relationship to
biological integrity have continued to support examination of this component of aquatic habitats.
Since sediment (substrate) is the single greatest determinant of composition and success of the benthic community aside from the presence of water [Arkansas
Department of Pollution Control and Ecology
(ADPC&E), 1987], it becomes necessary to establish sediment criteria because of the reported relationship
between contaminants and sediments. Sediments generally tend to accumulate toxicants at higher levels than those
measured in the water column; in addition, contaminants
tend to become concentrated in sediment with continual
exposure to pollutants (Chapman, 1989).
The lower Mississippi Delta region has long been recognized for its fertile soils and cropland; however, little
emphasis has been placed on maintaining its ecological
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integrity or calculating the aesthetic value of this
enriched region of the United States. Agricultural use has
undoubtedly changed not only the structure of this region
(e.g. channelization of rivers), but it has also introduced
insecticides, herbicides and other chemicals into the soil
and water column. It has been estimated that 77% of the
land use in the Delta is for agricultural purposes and specific farming activities, such as withdrawals and discharges from irrigated fields which substantially influence Delta summertime stream flows (ADPC&E, 1987).
Channelization in recent years has played a large role in
the development of the Delta, which has a very low natural gradient. This development of the Delta has produced
major changes upon biota and their habitat since the constricted floodplain has now been isolated primarily to
confined rivers and ditches (Belt, 1975). With destabilization of the floodplain, it is even more important to evaluate both chemically and biologically the current status of
the Delta's rivers. Therefore, it is necessary to determine
how well river sediments can best support growth and
survival of benthic organisms. With this information, laboratory and field assessments can evaluate the effects of
sediment characteristics and contaminant effects more

effectively (Suedel and Rodgers, 1991).
Rivers included in this study were the Little Black,
Black, Cache, L'Anguille, St. Francis, Strawberry, and
White rivers; Village Creek was an additional waterway
that was considered for collection in this study. Each river
was chosen because of its relative location and ease of
sampling for sediment collection. The Little Black,
L'Anguille and Cache rivers are all known to be impacted
by agricultural use. Historically, the Cache River has been
repeatedly channelized. Channelization in conjunction
with other uses has led to extreme increases in turbidity
and siltation. Village Creek serves as one of Arkansas'
natural ecoregion reference streams of water quality and
represents the Delta in the establishment of biocriteria
(ADPC&E, 1987).

The objectives for this study were to 1) determine
those sediment characteristics that resulted in greatest
Chironomus growth, 2) determine water chemistry parameters for those selected sites, 3) determine ifthe results
of the toxicity tests varied among sites and 4) identify a
reference sediment for the lower Mississippi Delta ecoregion of Arkansas.
Materials and Methods

The following summarized methods were used to
evaluate relative effects of sediments on the short-term
growth of the midge, C. tentans. This study also related
associated sediment characteristics to "preferred" substrate and determined whether acute toxicity was evident

in sample collections. All procedures were conducted
within 24 hours following collection from all 19 sites in
this study.
Sediment Collection and Site Location. Sediments

—

were collected at 17 different sites from May throug
September 1995. Sample sites were selected in seve
rivers and one creek, located within the Delta ecoregio
(Arkansas Game and Fish Commission, 1989). Collection
of approximately 800 g of sediment were taken with
petite ponar dredge at various sites within each creek anc
river system. Composite samples were collected wit
regard to the width of each sample location. Three sam
pies were collected from each location within the Black
St. Francis and White rivers near the right bank due to
greater accessability of sediment. Control sediments con
sisting of 100% silica sand were used in accordance wit;
US EPA protocol (US EPA, 1994).
Sediments were collected on 23 May 1995 and agaii
on 15 September 1995 in the Little Black River T21N
R3E; SI4. Three sites were sampled on 13 June 1995 anc
they included Cache River TUN; R1W; S26, White Rive
T12N; R3W; S29, and Village Creek TUN; R3W; S5
Samples were collected on 3 June 1995 in Village Cree
T17N; R1E; S28 and the Cache River T16N; R2E; S35
Sediments were collected on 7 September 1995 in th
Strawberry River T16N; R3W; S35, the Black River T17N
R1W; S13, and the L'Anguille River T9N; R3E; S19. Oi
15 September 1995, sediment was collected in the St
Francis River TlIN;R6E; S39.
Sediment Characterization. --Particle size composi
tion is the relative amounts of sand, silt and clay in sedi
ment. The size distribution for each site was determinec
by obtaining 45 g of sieved (#10) vs. standard wet sedi
ment and adding a 5% solution of hexametaphosphatc

solution (HMP) for 24 hours. The sediment solutions
were then placed into 1-L graduated cylinders and over
laid with deionized water. Hydrometer readings were
taken after 15 minutes, 8 and 24 hours. Samples were
then sieved (#270) vs. standard to separate particle frac
tions and the recovered sand was placed in a drying oven
to obtain a final dry-sand weight. The wet weights
hydrometer readings and dry sand weights from each o
three replicates were entered into statistical analysis sys
terns (SAS) to calculate the percentage of sand, silt anc
clay for each sediment sample (Gee and Bauder, 1986
Black, 1986).
Cation exchange capacity (CEC) of a sediment is a
measure of the reversible bound cations in the sample, oi
a measure of those cations held on the surface within the
crystalline matrix of some minerals. These cations ma)

potentially be released into the water column undei
appropriate conditions. The procedure consists of equilibrating a sediment sample with a highly soluble salt solution. The theory behind the procedure is that the high
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concentration of a soluble cation will replace the sorbed
or bound cations associated with the sediment. The
replaced cations can then be determined individually in
the leachate or the sediment sample can be washed and
equilibrated with a second soluble salt. The second
leachate is then analyzed for total cation exchange capacity. The standard leachate that is most often used is 1 N
ammonium acetate. The principle advantages of this
approach are the pH buffering capacity of ammonium
acetate solutions and the relative ease of the ammonia
determination. However, ammonium acetate may yield
low results with samples containing 1:1 type clay minerals
such as kaolin or halloysite or highly calcareous sediments due to the dissolution of calcium carbonate. Moist
field samples should be used for the CEC determination
as the process of drying alters the CEC. Since sample oxidation may indirectly affect CEC, samples should be
processed as soon as possible.
Percent solids, the fraction of total solids present in
the sediment, was determined by placing 25 g of whole
sediment into a 250 ml beaker and drying the sample for
24 hours in an oven to obtain a final dry weight. The following equation for percent solids determination was
used by Plumb (1981).
% Solids = dry weight - pan weight X 100

-

wet weight pan weight

Volatile solids are determined by placing total solid
residue into a pre-weighed crucible and ashing the dried
contents for one hour at 550 °C. After the samples have
cooled, their weights are determined and recorded. The
material lost on ignition is referred to as volatile solids,
while that material still remaining is referred to as fixed
solids (Plumb, 1981). The following equation was used to
determine the percent volatiles from a collected sample.
% Volatile Solids

= dry

sample residue-ignition residue X 100
dry sample residue-weight ofcrucible

—

Water Chemistry.
Water samples were collected
from each site and used in determination of those water
chemistry parameters known to significantly affect toxicity. Dissolved oxygen, pH, conductivity and total dissolved
solids were measured in the field at each site. Dissolved
oxygen was measured using a YSI Model 57 meter. Values
for pH were determined using a Mettler Model 1002
meter, and a YSI Model 33 meter was used to determine
conductivity in (Limhos/cm at 25 C. Total dissolved solids
(TDS) was measured using a Hach meter, while temperature was taken using a Baxter S/P digital thermometer.
Alkalinity and hardness were measured in the laboratory
using titration methods (American Public Heatlth
Association, 1995).

—Chironomus

teutons was used
in a whole-sediment toxicity test to determine relative toxicity among collection sites (US EPA, 1994). A flowthrough test system was designed and built to allow for a
continuous flow of dechlorinated tap water through the
test vessels.
Water quality parameters (temperature, dissolved
oxygen, conductivity, alkalinity and hardness) were determined from overlying water on test sediments prior to
addition of C. tentans into all test chambers. Dissolved
oxygen levels for overlying water were maintained
between 40% and 100% saturation. The day before test
initiation (Day 0), collected sediment was homogenized
thoroughly and 100 mis was measured and transferred
into a 250 ml chamber. Overlying water (75 mis) was gently poured into the chamber along the sides so as not to
disturb the substrate. The test setup consisted of four
replicates per site to ensure statistically valid results.
Third instar larvae cultured in the Ecotoxicology
Research Facility were taken from hatch tanks using a
wide-bore, glass pipette and introduced into the test
chambers below the water surface (US EPA, 1994). For
those sediment sites (LB1523, LB2523, LB3523, LB4523)
that were not used in the flow-through test apparatus,
overlying water was renewed daily for nine days following
setup. Dechlorinated tap water was used as overlying test
water and renewed by siphoning two-thirds from each
chamber using a pipet connnected to airline tubing. The
pipet was covered with 100 um Nitex mesh to prohibit
any organisms from entering the siphoning apparatus.
Each test chamber was checked daily, and observations were made as to burrowing activity or the presence
of indigenous organisms. Overlying water chemistry was
measured for conductivity, pH, alkalinity, hardness, and
ammonia at the beginning (Day 1) and end (Day 10) of
each test. These measurements were taken on combined
overlying water from each of the four replicates. Dissolved
oxygen and temperature were measured and recorded
daily for each replicate and remined at 40-100% saturation and 23 + 2 C, respectively. Care was given not to over
feed the test chambers due to possible decreases in dissolved oxygen, thereby altering the availability of contaminants within the sediment. Each test chamber was given
1 ml of a solution containing 4 g Tetramin / Milli-Q filtered water daily.
On day ten, each replicate was rinsed through a #40
(425 urn) standard size sieve to remove midges from the
sediment. The midges and substrate were rinsed into a
white sorting tray and collected in a solution of 60%
ethanol. After death the collected larvae were placed in a
pre-weighed aluminum drying pan and dried at 60 °C for
24 hours. A dry weight of each replicate was taken to
compare net weight gain among exposed individuals for
each of the seventeen sites. Significant differences in
Acute Toxicity Testing.
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growth and survival among sites or concentrations were
determined using Dunnets analysis with an alpha level of
0.05.

Results and Discussion
Percent survival of C. tentans that met acceptable
(>90%) test criteria was high among the nineteen collected sites; however, was greatest from the St. Francis site 3
with 100% survival (Table 1). Sites BA97, LAA97 and S97
had the greatest amount of weight gain per organism
among all the sites, with the Black River sediment having
the highest among all sites (0.00690 g). Midges gained
five times as much weight in this sediment (Black River
site A) as in the control sediment. Weight gain from

midges exposed to L'Anguille and St. Francis sediments
was only three-fold in comparison to the control.
After comparing net weight gain and survival of C.
tentans among the 29 sediment sites, greater emphasis
was placed on those sediments with higher values from
the listed parameters. Water chemistry among the three
sites having the greatest midge survival and growth disTable 1. Chironomus tentans 10-day toxicity test on sediment collected from nineteen sites in the Arkansas Delta

ecoregion.
% Survival Mean
C-CONTROI
1 - W() 13

2-C613
3-VC613
4 - BA97
5 LAA97
6 - S97
7 - BB97
8-LAB97

9-LB1915
10-LB4915
11 -SF1915
12-SF2915
13-SF3915

14 - C603

-

15
53
95
53
93
88

or.
93
98
98
93
95
7()A

100
93

o

15 VC603

16-LB2523
-

1 7 LB4523

18-LB3523
19-LB1523

63
50
88
78

Weight/org (g)
0.00140

10

0.00088

7
12

0.00081*
0.00017

0.00690*
0.00490*
0.00470
0.00290*
0.00260*
0.00200*
0.00290*
0.00210*
0.00230
0.00240*
0.00140*
0.00000
.0..180
0.00170
0.00120
0.00150

Denotes lab accident where approximately

A

% Growth 1

1

100
67
48
42
39
SI
42
31
25
37
20
0
18
13
16
18

two test

chambers

were broken

from control; Dunnetts, 0.05 P
were determined using greatest growth from site 4
(BA97) as 100%

*Significantly different

played the following trends (Table 2). The field-observed
pH was slightly alkaline in the range of 7.35 to 8.18.
Dissolved oxygen content was not particularly high,
falling in the range of 6.40 to 7.90 mg/L. It is important
to keep in mind that this study was done in large part during the summer months from May to September.
Therefore, lower dissolved oxygen levels were not due to
any seasonal fluctuations. Conductivity was similar at the
three sites and ranged from 300 to 410 fimhos/cm.
Alkalinity at the sites ranged from 134 to 176 mg/L
which is high for Deltaic rivers. Likewise, hardness was
high, ranging from 120 to 165 mg/L. Total dissolved
solids was only measured for ten sites and ranged from
147 in the Little Black to 200 mg/L in the L'Anguille
River.

The sediment characteristics provide more insight
into the relevance and results of this study. The three sites
deemed best using statistical analysis revealed an
extremely high percentage of silt in comparison to sand
and clay. The percentage of silt ranged from 68.80 to
84.62%. These results are confirmed by the study of
Suedel and Rodgers (1994) which found that optimal
growth of C. tentans occurred where silt content was
greater than 80 percent. As well with this study, we determined that there was a statistically significant correlation
between percent growth and percent silt content (r- =
0.94). This would account for observed growth in sediments from the Black, L'Anguille and St. Francis river
sites, but not for the growth in sediments from the Little
Black River site. Suedel and Rodgers (1994) further stated
that C. tentans also require sufficient organic matter fro
acceptable survival. Greater amounts of organic matter
content could account for the added growth observed in
C. tentans using Little Black River sediment. Because
organic matter was not a parameter in this study, this
deduction is purely hypothetical.
Any final conclusion concerning CEC of the sediments was difficult to draw from this study. The cation
exchange capacity of a sample is influenced by the clay
content of the sample, the type of clay, the organic matter
content, the pH of the displacing solution, the nature and
concentration of the displacing cation, and the sedimentto-solution ratio. Most techniques only vary the magnitude of the CEC of a sample and not the relative order of
a number of samples. Therefore, standardizing as many
variables as possible (ammonia concentration, pH, solidliquid ratio, and time of contact, ensures uniformity and
comparability of results from test procedures.
Of the three selected sediment sites, the Black River
Site A was selected as a reference sediment for further
testing because it met all three criteria: greatest weight
gain, highest percent survival and greater than 80% silt
content. The factors of survival as well as increases in
growth for this particular site aided in this conclusion.
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Table 2. Water chemistry parameters for nineteen sites in the Arkansas Delta ecoregion.

Temp

Site

pH

Dissolved Oxygen

Conductivity

Alkalinity
as CaCo s

(mg/L)

CC)
W613

19
26

260

132

7.20
6.80
7.90

300
390
350

5.50

390

7.80

370
350
410
295

800
124
176
152
200
140

150
170
178

156

140

126
134
152
138
140
76

190
120

27
31
22
22

SF1915

30

8.08

SF2915
SF3915
C603
VC603
LB2523
LB4523

29
30
26
25

8.02
7.92
6.90
7.10
7.81
7.72
7.66
7.86

LB3523

LB1523

(mg/L)

9.40

8.18

.

(mg/L)

7.07

7.37
8.29
8.22
7.35
7.31
7.56

31

(mg/L)'

TDS

7.04
6.36

C613
VC613
BA97
LAA97
S97
BB97
LAB97
LB1915
LB4915

27
27
32

(umhos/cm)

Hardness
as CaCo s

8.80

6.40
7.10
7.00
6.10
5.50
6.00

7.60
7.50
7.10
7.00
7.00
7.00

300
350

350
350
208
455

140
110
140
165

90

180

90

170

—

193
193

98
98
98

192

100

120

168

180

170
200
147
150
170

100
70
160
120
110
120

194

170
200

—
—

~-

Site location key:
W613

VC613

LAA97
BB97
LB1915

SF1915
SF3915
VC603

LB4523
LB1523

White River on 6/13/95

Village Creek on 6/13/95
L'Anguille site A on 9/07/95
Black River site B on 9/07/95
Little Black site 1 on 9/15/95
St. Francis site 1 on 9/15/95
St. Francis site 3 on 9/15/95
Village Creek on 6/03/95
LittleBlack site 4 on 5/23/95
LittleBlack site 1 on 5/23/95

The Little Black River Site 4 was identified as a potential
reference selection; however, when compared to an earlier collection at the same site, there was far less weight
gain and survival of exposed individuals. Perhaps the
later Little Black collection date results were skewed by
thunderstorms on 15 September 1995 that contributed to
increased organic content by producing upwellings from
the narrow river basin. These organic increases would be
beneficial to test organisms in a ten-day C. tentans test.
Due to high conductivity, low dissolved oxygen, and
visual cues notes by the field crew, the L'Anguille River
was not chosen as the reference sediment. Even though
several of the rivers in this study are influenced by agriculture, none are as heavily effected as the L'Anguille. It
is widely known among both local residents and the
ADPC&E (1987) that the L'Anguille River is unnavigable

»

C613

BA97
S97
LAB97
LB4915

SF2915
C603
LB2523

LB3523

Cache River on 6/13/95
Black River site A on 9/07/95
Strawberry River on 9/07/95
L'Anguille site B on 9/07/95
LittleBlack site 4 on 9/15/95
St. Francis site 2 on 9/15/95
Cache River on 6/03/95
LittleBlack site 2 on 5/23/95
Little Black site 3 on 5/23/95

unless area farmers are discharging into the system.
Prevailing stream conditions from any location affect not
only sediment availability but also sediment quality.
Therefore, the consistency of stream velocity is an important consideration in the identification of a reference site
to be used throughout the year.
Sediments from the Black River Site A were determined to reflect the least-disturbed condition as represented by the relative growth, survival of sediment
dwelling benthic organisms, and particle composition.
Physicochemical parameters combined with the observed
growth differences among sites provided a more holistic
evaluation of the relative condition of Deltaic streams.
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Table 3. Sediment characterization among nineteen sites collected in the Arkansas Delta Ecoregion.
Particle Composition

Site

W613
C613

VC613
BA97
LAA97
S97
BB97

LAB97
LB1915
LB4915

SF1915
SF2915
SF3915
C603
VC603

LB2523
LB4523
LB3523
LB1523

CEC
(meq/lOOg)

Total Solids
(Avg. %)

Total Volatile

11.0

().()()()

79

4.3
2.6

0.784
7.831

71

4.440
5.240

7<S
77
SI

68.8

0.0
0.0
0.0
0.0
0.0
0.0
0.0

77.0

0.0

19.0
16.0

81.0
84.0

13.0

87.0
89.0
43.1
53.7

0.0
0.0
0.0
0.0

0.04
0.34
0.7.8
0.21
0.55
0.06
0.07
0.24
0.53
0.58
0.94
0.20
0.19
0.82
0.77
0.64
0.92
0.98
0.75

%Sand
76.3
60.2
0.9

18.0
14.0

18.0
22.0
16.0

22.0
31.2
23.0

11.0
51.1
41.5
11.9
45.5

%Silt
12.7
35.5
96.5
82.0
86.0
82.0
78.0
84.0
78.0

84.9
49.3

»

Carbons (g)

%Clay

5.8
4.8
3.2
5.2

19

0.290
1.060
3.060
9.041
7.075
33.753
2.226
5.215
4.551
3.98.3

83

2.671
2.901
3.440

72

4.119

71

77

60
72
11
71

71
67
48
63
64

?

8:589-599.
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